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(54) Tensioner 



(57) A tensioner (1 0) comprises a cup (21 ), fixed to 
an engine block, which has a bolt engagement portion 
(24) to which a pivot shaft (30) is fixed to mount an arm 
(50) mounting a pulley (60). The arm is biassed by a 
torsion coil spring (40) to rotate in a direction tensioning 
the belt. A sleeve is attached to the exterior of the bolt 
engagement portion to receive one end of a coil spring 



(80), the other end of which is attached to a pivot exten- 
sion portion (56') of the lid. Rotation ot the arm in one - 
direction reduces the pressing force of the coi! spring on 
the bolt engagement portion providing small rotational 
resistance and damping whereas rotation of the arm in 
the opposite direction increases that pressing force to 
provide increase rotational resistance and damping. 
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Description 

[0001] The present invention relates to a tensioner 
used for imparting a proper tension to a timing belt of an 
automotive engine or a belt for driving an auxiliary ma- 
chine such as an alternator or compressor. 
[0002] Conventionally, an automatic tensioner is used 
in a transmission apparatus for transmitting a drive force 
of an engine to a plurality of devices by a single endless 
belt. The tensioner imparts a suitable tension to the belt 
and, at the same time, damps vibration of the belt gen- 
erated due to fluctuation of the engine rotational speed 
or load. Thus, the drive force of the engine is reliably 
transmitted to the devices. 

[0003] The tensioner is fixed to an engine block or in 
the vicinity thereof and is provided with, for example, a 
fixing member on which a cup is formed, an arm rotat- 
ably supported by a shaft so that it can freely rotate with 
respect to the cup, and a pulley attached to the front end 
of this arm. The arm is rotated, in a direction which 
presses the pulley against the belt, by a torsion coil 
spring provided substantially concentrically, with respect 
to the center of rotation of the arm. Thus, a suitable ten- 
sion is imparted to the belt. Further, as a damping mech- 
anism for damping the vibration of the belt, a frictional 
member is provided between the arm and the cup. Due 
to this frictional member, a rotational resistance, i.e. 
damping force, is produced at the time of rotation of the 
arm, thus braking the rotation of the arm, and the vibra- 
tion of the belt is damped. 

[0004] In order for the pulley to constantly abut the 
belt and effectively damp the vibration of the belt, the 
arm is required to rotate relatively quickly in a direction 
in which the belt becomes tensioned and relatively slow- 
ly in a direction in which the belt becomes loosened. 
However, the above friction type damping mechanism 
is constituted so as to impart the same damping force 
in both directions, so the arm cannot rotate quickly in 
the direction tensioning the belt. As an example of a 
damping mechanism for quickly tensioning the belt, an 
oil pressure type damping mechanism is known in which 
an oil pressure cylinder is provided in place of the fric- 
tional member and the viscous resistance of oil is pro- 
duced in only the direction in which the belt loosens. 
[0005] However, the oil pressure type damping mech- 
anism has a large number of parts and a complex struc- 
ture in comparison with the friction type damping mech- 
anism, therefore the cost becomes high. Further, the vis- 
cosity of the oil depends upon the environmental tem- 
perature so the damping force is reduced in a high tem- 
perature region in comparison with that at room temper- 
ature, and the viscous resistance becomes high in a low 
temperature region and therefore the damping force is 
increased. Further, the direction of attachment is limited 
so as to prevent oil leakage, therefore the degree of free- 
dom of design of the tensioner as a whole is lost and 
reduction of size becomes difficult. 
[0006] Therefore, an object of the present invention is 



to provide a tensioner which reliably prevents the occur- 
rence of looseness of a belt for driving an auxiliary ma- 
chine and effectively damps the vibration of the belt so 
as to be able to constantly hold the belt in the optimum 
5 tensioned state, while having a small size, and simple 
structure. 

. [0007] According to the present invention, there is 
provided a tensioner comprising a fixing member, an 
arm, a biassing member, and a damping member. 

io [0008] The fixing member has a first engaging portion, 
preferably a first boss. The arm has a second engaging 
portion, preferably a second boss, coaxially arranged 
with respect to the first boss, and a pulley attached to 
an end portion of the arm. The arm is rotatabte between 
a first rotation position and a second rotation position 
around the second boss. The biassing member urges 
the arm in a first direction from the second rotation po- 
sition toward the first rotation position so as to tension 
: a belt via the. pulley. The damping member includes a 

20 coil spring having two end portions engaged with the first 
and second boss portions so as to connect the fixing 
member and the arm. The damping member generates 
a first damping force, which is a resistance against the 
rotation of the arm, and a second damping force larger 

25 than the first damping force so as to damp vibration of 
the belt. The first damping force acts upon the arm when 
the arm rotates in the first direction, and the second 
damping force acts upon the arm when the arm rotates 
in a second direction, which is the reverse of the first 

30 direction. 

[0009] Further, according to the present invention, 
there is provided a tensioner comprising a first engaging 
portion and a second engaging portion, an arm, a bias- 
sing member and a damping member. 

35 [0010] The first engaging portion and the second en- 
gaging portion are coaxially arranged with each other. 
The arm is provided with a pulley, which is engaged with 
an endless-belt. The arm is rotatable between a first ro- 
tation position and a second rotation position around the 

40 first and second bosses. The biassing member urges 
the arm in a first direction from the second rotation po- 
sition toward the first rotation position so as to tension 
the belt via the pulley The damping member has a coil 
spring having two end portions engaged with the first 

45 and second engaging portions. The damping member 
generates a first damping force, which, is a resistance 
against the rotation of the arm, and a second damping 
force larger than the first damping force so as to damp 
vibration of the belt. The first damping force acts upon 

50 the arm when the arm rotates in the first direction, and 
the second damping force acts upon the arm when the 
arm rotates in a second direction, which is the reverse 
of the first direction. 

[001 1] Still further, according to the present invention, 
55 there is provided a tensioner comprising a fixing mem- 
ber, an arm, a pulley, a biassing member and a spring 
type clutch. 

[0012] The pulley is rotatably provided on the arm 
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such that the pulley engages an endless belt. The bias- 
sing member urges the pulley into resilient contact with 
the belt, and a spring type clutch rotatably engages the 
arm to the fixing member. The spring type clutch in- 
cludes a coil spring, that operates in conjunction with 
the biassing member to generate a first tightening force 
and a second tightening force larger than the first tight- 
ening force, and at least one of a first engaging member 
and a second engaging member engaged with the coil 
spring to produce a first rotational resistance that corre- 
sponds to the first tightening force and a second rota- 
tional resistance that corresponds to the second tight- 
ening force. The first rotational resistance occurs in a 
first rotational direction of the arm, and the second ro- 
tational resistance occurs in a second rotational direc- 
tion which is opposite to the first rotational direction. 
[0013] Further, according to the present invention, 
there is provided a tensioner comprising a pulley, an 
arm, a biassing member, a fixing member and a spring 
type clutch. 

[001 4] The pulley resiliently contacts an endless belt, 
and the arm rotatably engages the pulley on a first ro- 
tational axis. The biassing member urges the arm in a 
first direction so that the pulley tensions the belt. The 
fixing member rotatably engages the arm on a second 
rotational axis parallel to the first rotational axis, and a 
spring type clutch rotatably connects the arm and the 
fixing member. The spring type clutch, operating in con- 
junction with the biassing member, generates a first ro- 
tational resistance in the first direction and a second ro- 
tational resistance larger than the first rotational resist- 
ance in a second direction, which is opposite to the first 
direction. 

[001 5] According to a first aspect of the present inven- 
tion there is provided a tensioner comprising:- 

a fixing member that includes a first boss; 
an arm that includes a second boss, coaxially ar- 
ranged with respect -to said first boss, and a pulley 
attached to an end portion of said arm, said arm be- 
ing rotatable between a first rotation position and a 
second rotation position around said second boss; 
a biassing member that urges said arm in a first di- 
rection from said second rotation position toward 
said first rotation position so as to tension a belt via 
said pulley; and 

a damping member that includes a first coil spring 
having two end portions engaged with said first and 
second bosses so as to connect said fixing member 
and said arm, said damping member generating a 
first damping force,. which is a resistance against 
the rotation of said arm, and a second damping 
force larger than said first damping force so as to 
damp vibration of said belt; wherein 
said first damping force acts upon said arm when 
said arm rotates in said first direction, and said sec- 
ond damping force acts upon said arm when said 
arm rotates in a second direction, which is the re- 



verse direction to said first direction. 

■ [0016] Preferably, an absolute value of said first 
damping force is substantially 0. 
s [0017] In one embodiment, when said arm rotates 
from said second rotation position in said first direction, 
in a predetermined range of rotation between said first 
rotation position and said second rotation position, a first 
f rictionai force produced by the rotation of said arm acts 

io as said first damping force, and when said arm rotates 
from said first rotation position in said second rotation 
direction, a second frictional force larger than said first 
frictional force in the range of rotation and which is pro- 
duced by the rotation of said arm acts as said second 

15 damping force. 

[0018] In this case, in the range of rotation, the mag- 
nitudes of absolute values of said first f rictionai force and 
said second frictional force are constant, and the mag- 
nitude of the absolute value of said first frictional force 

20 and the magnitude of the absolute value of said second 
frictional force are asymmetrical at each angular posi- 
tion within the range of angles of rotation. 
[001 9] Conveniently, the range of rotation is the range 
between a third rotation position located between said 

2S first rotation position and said second rotation position 
and a fourth rotation position located between said third 
rotation position and said second rotation position. 
[0020] It is preferred that when said arm rotates from 
said first rotation position to said third rotation position 

30 in said second direction, a third damping force increased 
in proportion to the angle of rotation of said arm acts 
upon said arm. 

[0021] In one embodiment, said damping member fur- 
ther comprises a sleeve provided between at least one 

35 of said first and second bosses and said first coil spring, 
such that when said arm rotates from said first rotation 
position in said second direction, within the range from 
said third rotation position to said second rotation posi- 
tion, said first coil spring and said sleeve act as a coil 

40 spring clutch that brakes the rotation of said arm due to 
a frictional sliding movement between at least one of 
said first coil spring and said sleeve and between said 
sleeve and one of said first and second bosses. 
[0022] In another embodiment, said first coil spring is 

45 shaped from a wire having a rectangular cross-section. 
[0023] In still another embodiment, said first and sec- 
ond bosses are respectively provided with first and sec- 
ond cylindrical surfaces with axial centers coaxial to a 
shaft of said arm. 

so [0024] In this case, said damping member is prefera- 
bly provided with at least one of a first sleeve provided 
between said first cylindrical surface and said first coil 
spring and having an axial center aligned with said shaft 
of said arm and a second sleeve provided between said 

55 second cylindrical surface and said first coil spring and 
having an axial center aligned with said shaft of said 
arm. 

[0025] Conveniently, said first and second sleeves 
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are provided with openings parallel to said shaft of said 
arm. 

[0026] In another case, said first and second sleeves 
are shaped from one of a resin mainly comprised of a 
polyether sulfone, a plastic containing at least nylon, 
and an alloy used for an oil-filled bearing. 
[0027] It is preferred that said first and second cylin- 
drical surfaces are outer surfaces of said first and sec- 
ond bosses, respectively. 

[0028] In this particular case, said first coil spring may 
be tightly fixed to one of said first cylindrical surface and 
an outer circumferential surface of said first sleeve and 
one of said second cylindrical surface and an outer cir- 
cumferential surface of said second sleeve, whereby 
one of said first boss and said first sleeve and -one of 
said second boss and said second sleeve are connect- 
ed. 

[0029] Preferably, at least one turn of said first coil 
spring is tightly fixed on one of said first cylindrical sur- 
face and said outer circumferential surface of said first 
sleeve and at least one turn is tightly fixed on one of said 
second cylindrical surface and said outer circumferen- 
tial surface of said second sleeve. 
[0030] In another case, said first coil spring is coiled 
with a first curvature, and a radius of one of said first 
cylindrical surface and said outer circumferential sur- 
face of said first sleeve and a radius of one of said sec- 
ond cylindrical surface and said outer circumferential 
surface of said second sleeve have substantially the 
same length as said radius of said first coil spring. 
[0031 ] Conveniently, each of the two ends of said first 
coil spring exhibits an arc shape having a second cur- 
vature, which is the same as said first curvature. 
[0032] It is preferred that one end of said first coil 
spring is engaged with an annular spring receiving seat 
formed on one of said first boss and a flange of said first 
sleeve, and the other end of said first coil spring is en- 
gaged with an annular spring receiving seat formed on 
one of said second boss and a flange of said second 
sleeve. 

[0033] In another embodiment, said biassing member 
is a second coil spring wound around said shaft of s.aid 
arm and the winding directions of said first coil spring 
and said second coil spring are the same winding direc- 
tion. 

[0034] In still another embodiment, one of said first 
and second cylindrical surfaces is an inner surface of 
.one of said first and second bosses. 
[0035] Preferably, said biassing member is a second 
coil spring wound around said shaft of said arm, and the 
winding directions of said first coil spring and said sec- 
ond coil spring are opposite each other. 
[0036] According to a further aspect of the present in- 
vention there is provided a tensioner comprising: 

a first engaging portion and a second engaging por- 
tion that are coaxially arranged with each other; 
an arm provided with a pulley that engages an end- 



less belt, said arm rotating between a first rotation 
position and a second rotation position around said 
first and second engaging portions; 
a biassing member that urges said arm in a first di- 
s rection from said second rotation position toward 
said first rotation position so as to tension said belt 
via said pulley; and 

a damping member that includes a coil spring hav- 
ing two end portions engaged with said first and 
w second engaging portions, said damping member 
generating a first damping force, which is a resist- 
ance against the rotation of said arm, and a second 
damping force larger than said first damping force 
so as to damp vibration of said belt; wherein 
is said first damping force acts upon said arm when 
said arm rotates in said first direction, and said sec- 
ond damping force acts upon said arm when said 
arm rotates in a second direction, which is the re- 
verse direction to said first direction. 

[0037] According to yet another aspect of the present 
invention there is provided a tensioner comprising: 

a fixing member; 
an arm; 

a pulley rotatably provided on said arm such that 
said pulley engages an endless belt; 
a biassing member that urges said pulley into resil- 
ient contact with said belt; and 
a spring type clutch that rotatably engages said arm 
to said fixing member, said spring type clutch includ- 
ing a coil spring operating in conjunction with said 
biassing member to generate a first tightening force 
and a second tightening force larger than said first 
tightening force, and at least one of a first engaging 
member and a second engaging member engaged 
with said coil spring to produce a first rotational re- 
sistance corresponding to said first tightening force 
and a second rotational resistance corresponding 
to said second tightening force; wherein 
said first rotational resistance occurs in a first rota- 
tional direction of said arm, and said second rota- 
tional resistance occurs in a second rotational di- 
rection opposite said first rotational direction. 

[0038] In yet another aspect of the invention there is 
provided a tensioner comprising: 

a pulley that resiliently contacts an endless belt; 
an arm that rotatably engages said pulley on a first 
rotational axis; 

a biassing member that urges said arm in a first di- 
rection so that said pulley tensions said belt; 
a fixing member that rotatably engages said arm on 
a second rotational axis parallel to said first rota- 
tional axis; and 

a spring type clutch that rotatably connects said arm 
and said fixing member, said spring type clutch op- 
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erating in conjunction with said biassing member 
generates a first rotational resistance in said first di- 
rection and a second rotational resistance larger 
than said first rotational resistance in a second di- 
rection opposite said first direction. 

[0039] The present invention will be better understood 
from the description of the preferred embodiments of the 
invention set forth below.together with the accompany- 
ing drawings, in which:- 

Fig. 1 is a view of a first embodiment of a tensioner 
according to the present invention showing a belt 
system of an automotive engine provided with the 
tensioner; 

Fig. 2 is a vertical sectional view of the tensioner 
shown in Fig. 1; 

Fig. 3 is a sectional view of disassembled parts of 
the tensioner shown in Fig. 1; 
Fig. 4 is a top view of a sleeve of the tensioner 
shown in Fig. 1; 

Fig. 5 is a view of a principle of a coil spring; 
Fig. 6 is a partial sectional side view of a structural 
relationship among a cup, an arm and the coil spring 
of the tensioner shown in Fig. 1; 
Figs. 7A, 7B, 7C and 7D are graphs showing output 
characteristics of the tensioner shown in Fig. 1 , a 
torsion coil spring, and the coil spring; 
Fig. B is a partial sectional side view of a structure 
in the vicinity of the coil spring of a tensioner of a 
second embodiment according to the present in- 
vention; 

Fig. 9 is a partial sectional side view of the structure 
in the vicinity of the coil spring of a tensioner of a 
third embodiment according to the present inven- 
tion; 

Fig. 10 is a view of a tensioner of a fourth embodi- 
ment according to the present invention showing a 
- belt system of the automotive engine provided with 
the tensioner; 

Fig. 11 is a vertical sectional view of the tensioner 
shown in Fig. 10; 

Fig. 12 is a vertical sectional view of a tensioner of 
a fifth embodiment according to the present inven- 
tion; 

Fig. 13 is a partial sectional side view of the struc- 
ture in the vicinity of the coil spring of a tensioner of 
a sixth embodiment according to the present inven- 
tion. 

[0040] The present invention will be described below 
with reference to the embodiments shown in the draw- 
ings. 

[0041] Fig. 1 is a view of a belt system of an automo- 
tive engine utilizing a tensioner of a first embodiment of 
the present invention. A drive pulley 11 is attached to 
and rotated by an output shaft of an engine (not shown). 
Other than the drive pulley 11, this belt system is pro- 
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vided with an air conditioner (not shown), a power steer- 
ing device (not shown), driven pulleys 12, 13, and 14 for 
an alternator (not shown), idle pulleys 15 and 16, and a 
tensioner 10. Around each pulley, an endless belt 17 is . 
5 wound. 

[0042] The belt 17 is driven in a clockwise direction 
(indicated by an arrow C) by the drive pulley 1 1 . Conse- 
quently, other pulleys 12,13,14,15, and 1 6 and the pul- 
ley 60 of the tensioner 1 0 are rotated. 

10 [0043] A pivot shaft 30 is fixed to the engine block (not 
shown). An arm 50 can rotate around the pivot shaft 30 
and a pulley 60 is rotatably fixed to one end of the arm 
50, with the belt 17 being wound around the outer cir- 
cumferential surface of this pulley 60. 

is [0044] The pulley 60 is constantly biassed in the 
clockwise direction (indicated by an arrow A) by a tor- 
sion coil spring (not shown), which tensions the belt 17 
as indicated by a solid line position at the time of driving 
of the belt 17. When the belt 17 vibrates, the pulley 60 

20 and the arm 50 rotate arourtd the pivot shaft 30 following 
the belt 17. At this time, the arm 50 rotates relatively 
quickly in the direction indicated by the arrow A in which 
the pulley 60 tensions the belt 17 and rotates relatively 
slowly in the direction loosening the belt 17, that is, a 

25 counterclockwise direction (indicated by an arrow B). 
[0045] When attaching the belt 17, a standard tool, 
such as a spanner or wrench, is used to rotate the pulley 
60 in the direction indicated by the arrow B from the po- 
sition of the solid line about the pivot shaft 30 against 

30 the biassing force in the direction indicated by the arrow 
A to make it retract to a position indicated by a broken 
line. 

[0046] With reference to Figs. 2 and 3, the construc- 
tion of the tensioner 10 will be explained. Fig. 2 is a sec- 

35 tional view of the tensioner 1 0, and Fig. 3 is a sectional 
view of disassembled parts of the tensioner 1 0. 
[0047] A fixing member 20 is provided with a plate- 
like attachment portion 22, which may be attached to 
the engine block, and a cylindrical cup 21 protruding 

40 from one surface of the attachment portion 22. A bott 
engagement portion 24, which rises toward the interior 
of the cup 21 , is formed at the center of a bottom surface 
21a of the cup 21. The bolt engagement portion 24 is 
screwed together with a screw portion 32 formed on a 

45 lower end of a pivot shaft 30 whereby the pivot shaft 30 
is integrally fixed to the fixing member 20. A sleeve 28 
with a flange 29 slips onto and can grip onto the bolt 
engagement portion 24. An inner surface 28c of the 
sleeve 28 is tightly fixed to an outer surface 24c of the 

50 bolt engagement portion 24. A groove portion 26, with 
which an end portion 44 of a torsion coil spring 40 is 
engaged, is formed on the cup bottom surface 21a. 
[0048] The torsion coil spring 40 is formed of a metal 
wire having a constant diameter and has a spirally 

55 wound spiral portion 42 and two end portions 44 and 46 
linearly extending from the spiral portion 42 toward the 
interior of the spiral in a plane perpendicular to a spiral 
axis (indicated by a one-dot chain line L in Fig. 3). The 
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end portion 44 is engaged with a wall surface of the 
groove portion 26 of the cup 21 . Another end portion 46 
is engaged with a lower surface 53a of the arm 50. 
[0049] The torsion coil spring 40, being suitably twist- 
ed, is interposed between the cup 21 and the arm 50 in 
a relatively lightly compressed state. Thus, the arm 50 
and the pulley 60 are biassed in a direction in which the 
torsion coil spring 40 returns from the twisted state, that 
is, in the direction indicated by the arrow A (Fig. 1 ). 
[0050] The arm 50 is constituted by a pulley attach- 
ment portion 52 integrally connected to a lid portion 53. 
A cylindrical pulley bearing 54 is formed at the center of 
the pulley attachment portion 52. A ball bearing 66 is 
interposed between the pulley bearing 54 and the pulley 
60. A bolt 62 is threadingly engaged with the pulley bear- 
ing 54, and the ball bearing 66 is fixed to the pulley at- 
tachment portion 52 by the bolt 62. A dust shield 64 is 
provided between the head of the bolt 62 and the ball 
bearing 66 so that intrusion of external particulate matter 
into the ball bearing 66 is prevented. 
[0051 ] The lid portion 53 is a disk member having sub- 
stantially the same radius as that of a cup opening 21 b 
and is attached to the cup opening 21 b by the pivot shaft 
30. An annular dust cover 68, molded from a resin, is 
interposed between the lid portion 53 and the cup open- 
ing 21 b. The inside of the cup 21 is substantially sealed 
by the dust cover 68 so that intrusion of dust and dirt 
into the cup 21 is prevented. 

[0052] A cylindrical pivot bearing 56 is formed in the 
lid portion 53 with a pivot extension portion 56' projecting 
from a lower surface 53a into the cup 21. A bearing 
bushing 70 is press-fitted into the pivot bearing 56, while 
the pivot shaft 30 is inserted into the bearing bushing 
70. A female screw member 36 and a male screw por- 
tion 34 of the pivot shaft 30 are screwed together so that 
the lid potion 53, i.e. the arm 50, is fixed in the axial di- 
rection with respect to the cup 21 . Note that the bearing 
bushing 70 and the pivot shaft 30 slide with a relatively 
small rotational resistance, and the arm 50 can freely 
rotate around the pivot shaft 30 with respect to the cup 
21. 

[0053] Two cylindrically-shaped inner surfaces 56d 
and 56e are formed in the pivot bearing 56 and pivot 
extension portion 56' respectively. The bearing bushing 
70 engages with the inner surface 56d. The inner sur- 
face 56e is provided adjacent to the inner surface 56d 
and has a larger inner diameter than that of the inner 
surface 56d. Further, a cup-side bottom surface 56f of 
the pivot extension portion 56' is separated from the bolt 
engagement portion 24 and the sleeve 28 by a prede- 
termined distance. Due to the above configuration, in a 
state in which the arm 50 is attached to the cup 21 , in- 
terference between the pivot extension portion 56' and 
a hexagonal portion 38 of the pivot shaft 30 is prevented. 
[0054] A coil spring 80, formed by spirally coiling a 
metal wire having a constant diameter, is provided in- 
side the torsion coil spring 40. The coil spring 80 is a 
"right hand" coil spring where the metal wire inclines to- 



ward the top right when the spiral axis is vertical. Note 
that the torsion coil spring 40 is also a "right hand" coil 
spring in the same way as the coil spring 80. The coil 
spring 80 is coiled with a constant curvature. The two 

5 ends of the coil spring B0 form arc shapes having the 
same curvature as the curvature of the coil spring 80. 
One end of the coil spring 80 is engaged with the pivot 
bearing 56 of the arm 50 by an amount of at least one 
turn, while the other end is engaged with the sleeve 28 

10 attached to the bolt engagement portion 24 by an 
amount of at least one turn. Namely, the. pivot bearing 
56 and the sleeve 28 are connected by the coil spring 
80. The two end surfaces of the coil spring 80 may be 
ground to planes perpendicular to the shaft so as to im- 

is prove the closeness of fit with the pivot bearing 56 and 
the sleeve 28. 

[0055] Fig. 4 is a top view of the sleeve 28. The sleeve 
28 is an annular member provided with the flange 29 on 
a lower'end. The sleeve 28 is molded from a material 
20 having only marginal susceptibility to heat deformation 
and being excellent in abrasion resistance, for example, 
a resin mainly comprised of a polyether sullone, a plastic 
such as nylon, or an alloy such as that of an oil-filled 
bearing. 

25 [0056] A slit 28a is formed in a side surface of the 
sleeve 28 so that the sleeve 28 exhibits a C-shape when 
seen from the axial direction. Due to the slit 28a, defor- 
mation and bending of the sleeve 28 at the time of heat 
deformation, assembly, or fastening of the coil spring 80 

30 are absorbed. An outer diameter of the sleeve 28 is sub- 
stantially equal to the inner diameter of the coil spring 
80, but minor deformation in the circumferential direc- 
tion is possible by the slit 28a. The coil spring BO and 
the sleeve 28 act as the "coil spring clutch" as will be 

35 explained below. 

[0057] With reference to Fig. 5, a principle and mode 
of operation of the "coil spring clutch" will be described. 
Fig. 5 is a view of a structure in which two shafts F and 
G are connected by a right hand coil spring H. Part is 

40 shown cut away. A fixed shaft F is fixed with respect to 
an axial center L direction and the circumferential direc- 
tion. A drive shaft G is arranged at a position separated 
from the fixed shaft F by exactly a predetermined dis- 
tance in the axial center L direction and can freely rotate 

45 around the axial center L. 

[0058] The right hand coil spring H is given a pre-pres- 
sure and is engaged with and fixed to the fixed shaft F 
and the drive shaft G. Namely, the right hand coil spring 
H is tightly fixed to an outer surface G 1 of the drive shaft 

so G at an upper end inner surface H1 and to an outer sur- 
face F2 of the fixed shaft F at a lower end inner surface 
H2, the right hand coil spring H exerting a predetermined 
pressing force on the drive shaft G and the fixed shaft 
F. The fixed shaft F and the drive shaft G are connected 

55 by only the right hand coil spring H. 

[0059] When the drive shaft G is rotated in the direc- 
tion indicated by the arrow A, the right hand coil spring 
H slightly deforms in a direction in which the diameter 
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thereof becomes larger. Due to this deformation, the 
pressing force of the right hand coil spring H to the outer 
surface F2 is reduced, and the right hand coil spring H 
slides with respect to the fixed shaft F. Namely, the drive 
shaft G and the right hand coil spring H integrally rotate £ 
in the direction indicated by the arrow A relative to the 
fixed shaft F. 

[0060] Conversely, when the drive shaft G is rotated 
in the direction indicated by the arrow B, the right hand 
coil spring H slightly deforms in a direction in which the io 
diameter thereof becomes smaller. The drive shaft Gl 
is rotated in the direction indicated by the arrow B by - 
exactly this amount of deformation. However, when the 
drive shaft G is further rotated, the pressing force of the 
right hand coil spring H against the outer surface G 1 and is 
the outer surface F2 is increased. Accordingly, the right 
hand coil spring H is increasingly tightened to" the outer 
surface Gl of the drive shaft G on the upper end inner 
surface HI and increasingly tightened to the outer sur- 
face F2 of the fixed shaft F on the lower end inner sur- 20 
face H2. Namely, the fixed shaft F and the drive shaft G ■ 
are integrally connected by the right hand coil spring H, 
and the drive shaft G can rotate by exactly the amount 
of deformation of the right hand coif spring H. 
[0061] In this way, the right hand coil spring H permits 2s 
the relative rotation of the drive shaft G in only the di- 
rection indicated by the arrow A. The drive shaft G can- 
not substantially rotate in the direction indicated by the 
arrow B. Where the winding direction of the coil spring 
is reversed, that is, in the case of a left hand coil spring, 30 
the direction of action becomes opposite, but a similar 
action is produced. Namely, when the right hand coil 
spring H is replaced by a left hand coil spring, the drive J 
shaft G rotates relative to the fixed shaft F in the direc- 
tion, indicated by the arrow B, but cannot substantially 35 
rotate in the direction indicated by the arrow A. The 
damping mechanism of the first embodiment is consti- 
tuted by using the principle of such a "coil spring clutch". 
[0062] Fig. 6 is a partially sectional side view of a 
structural relationship between the cup 21 , the arm 50 *o 
and the coil spring B0, which is part of the damping 
mechanism. The fixed shaft F, the drive shaft G, and the 
right hand coil spring H shown in Fig. 5 correspond to 
the bolt engagement portion 24 of the cup 21 , the pivot 
bearing 56 of the arm 50, and the coil spring SO shown *s 
in Fig. 6. The different part of the structure from that of 
Fig. 5 is the sleeve 28 interposed between the bolt en- 
gagement portion 24 and the coil spring B0. 
[0063] When the pivot bearing 56 is rotated in the di- 
rection indicated by the arrow A, the coil spring 80 slight- . so 
ly deforms in 5 the direction in which the diameter there- 
of becomes larger. Along with the deformation of the coil 
spring B0, the slit 28a is slightly enlarged in the circum- 
ferential direction by a restoration force of the sleeve 28, 
and the diameter of the sleeve 28 becomes slightly larg- ss 
er. Namely, due to the deformation of the coil spring 80 
and the sleeve 28, the pressing force against the bolt 
engagement portion 24 by the sleeve 28 is reduced. 



Thus, the pivot bearing 56, i.e. the arm 50, is able to 
rotate with a relatively small rotational resistance P A in 
the direction indicated by the arrow A. 
[0064] Conversely, when the pivot' bearing 56 is rotat- 
ed in the direction indicated by the arrow B, the coil 
spring 80 slightly deforms in the direction in which the 
diameter thereof becomes smaller, and the pivot bear- 
ing 56 rotates in the direction indicated by the arrow B 
by exactly this amount of deformation. However, when 
the pivot bearing 56 is further rotated, the pressing force 
of the coil spring 80 against an outer surface 56a of the 
pivot extension portion 56' and the outer surface 28b of 
the sleeve 2B is increased. Accordingly, the coil spring 
80 is tightly fixed to the outer surface 56a of the pivot 
extension portion 56' at the inner spring surface 80a and 
tightly fixed to the outer surface 28b of the sleeve 2B at 
the inner spring surface BOb. 

[0065] At this time, along with the deformation of the 
coil spring 80, the slit 28a of the sleeve 28 is slightly 
reduced in the circumferential direction, and the sleeve 
28 deforms in the direction in which the diameter thereof 
becomes smaller. Accordingly, the pressing force of the 
coil spring 80 against the sleeve 28 or the pressing force 
against the bolt engagement portion 24 by the sleeve 
28 is increased. 

[0066] When the rotational drive force exceeds the 
frictional limit of the coil spring 80 and the sleeve 28 or 
the sleeve 2B and the bolt engagement portion 24, a ro- 
tational resistance P B larger than the rotational resist- 
ance P A between the sleeve 28 and the bolt engage- 
ment portion 24 is produced and sliding occurs. Accord- 
ingly, the pivot bearing 56, i.e. the arm 50, becomes able 
to rotate with a relatively large rotational resistance P B 
in the direction indicated by the arrow B. 
[0067] When the sleeve 28 is not interposed, the pivot 
bearing 56 cannot rotate in the direction indicated by the 
arrow B due to the action of the coil spring 80 as men- 
tioned above. However, by interposing the sleeve 28, 
when a load of the frictional limit or more acts upon the 
pivot bearing 56, rotation of the pivot bearing 56 in the 
direction indicated by the arrow B becomes possible. 
Thus, the arm 50 can be rotated up to the position at 
which the belt 17 is attached (position of broken line of 
Fig. 1 ). Further, at this time, a constant rotational resist- 
ance, which is a second frictional force, is produced be- 
tween the coil spring 80 and the sleeve 28 or between 
the sleeve 2B and the bolt engagement portion 24. Thus, 
at the time of rotation of the arm 50 in the direction in- 
dicated by the arrow B, the constant rotational resist- 
ance or second damping force P B acts upon the arm 50. 
[0068] The rotational resistance or first damping force 
P A is much smaller than the second damping force P B , 
therefore the arm 50 can easily rotate in the direction 
indicated by the arrow A tensioning the belt 17, but can- 
not easily rotate in the direction indicated by the arrow 
B loosening the belt 17. Accordingly, by the tensioner 
10, the belt 17 is quickly tensioned and becomes hard 
to loosen. 
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[0069] An axial direction length K L of the coil spring 
80 is substantially equal to the distance trom the spring 
receiving seat 58 of the pivot bearing 56 to the flange 
29 of the sleeve 2B. The axial direction position of the 
coil spring BO is restricted by the spring receiving seat 
58 and the flange 29. Further, the inner diameter K D of 
the coil spring 80 is substantially equal to the outer di- 
ameter of the pivot extension portion 56' and the outer 
diameter of the sleeve 28. 

[0070] Note that, in the first embodiment, the point at 
which sliding occurs between the coil spring 80 and the 
sleeve 28 and between the sleeve 2B and the bolt en- 
gagement portion 24 is suitably selected by the design 
criteria, for example, material and size, of the sleeve 28 
and the coil spring 80, i.e. by increasing the number of 
turns of the engagement part of the coil spring 80, the 
rotational resistance can be increased, and so forth. 
[0071] With reference to Figs. 7A-7D, the mode of op- 
eration of the tensioner 10 of the first embodiment will 
be described below. There are mainly two load factors 
acting upon the belt 17 due. to the tensioner 10: one is 
a repulsion force by the torsion coil spring 40, while the 
other is the damping force by the damping mechanism. 
These two biassing forces act to cause the belt 17 to be 
tensioned or loosened. 

[0072] Fig. 7A is a graph showing an output charac- 
teristic of the tensioner 1 0 without the coil spring 80 and 
with only the torsion coil spring 40. In Fig. 7A, the angle 
of rotation from the predetermined initial position of the 
arm 50 is plotted on the abscissa, and the output load 
of the tensioner 10 is plotted on the ordinate. 
[0073] The straight line C B indicates the- relationship 
between the angle of rotation from the initial position and 
the output load in a case where the arm 50 is gradually 
rotated in the direction indicated by the arrow B up to an 
angle of rotation D v A straight line C A indicates the re- 
lationship between the angle of rotation from the initial 
position and the output load in a case where the arm 50 
is rotated up to the angle of rotation and returns to 
the initial position along the direction indicated by the 
arrow A by the repulsion force of the torsion coi! spring 
40. 

[0074] The output load generated by the torsion coil 
spring 40 is increased-or decreased in proportion to the 
size of the angle of rotation of the arm 50, i.e. the torsion 
angle of the torsion coil spring 40. The output load con- 
tains the rotational resistance of the pivot shaft 30 and 
the bearing bushing 70. A hysteresis P c is produced 
with respect to a result of measurement using only the 
torsion coil spring 40. Note that the straight line C A and 
the straight line C B are substantially parallel. The incli- 
nations coincide with the torsion spring constant of the 
torsion coil spring 40. 

[0075] Fig. 7B and Fig. 70 are graphs indicating the 
output characteristic of the tensioner 10 provided with 
the coil spring B0 and the sleeve 28 while eliminating 
the torsion coil spring 40. In Fig. 7B, the ordinate indi- 
cates the output load of the tensioner 10, and the ab- 
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scissa indicates the angle of rotation of the arm 50 along 
the direction indicated by the arrow A from the initial po- 
sition. In Fig. 7C, the ordinate indicates the output load 
of the tensioner 1 0, and the abscissa indicates the angle 

5 of rotation of the arm 50 along the direction indicated by 
the arrow B from the initial position. 
[0076] The straight line S A indicates that the arm 50 
rotates in the direction indicated by the arrow A while 
producing the constant rotational resistance P A . The ro- 

io tational resistance P A is the first damping force acting 
when the arm 50 pivots in the direction indicated by the 
arrow A, i.e. when the pressing force of the coil spring 
80 is reduced. 

[0077] The straight line S B1 (shown in Fig. 7C) indi- 
75 cates a state where the arm 50 pivots up to a minute 
angle of rotation D 2 in the direction indicated by the ar- 
row B and the output load is increased in proportion to 
the angle of rotation. The output load increasing in pro- 
portion to this angle of rotation is a third damping force 
20 which acts when the arm 50 pivots to the minute angle 
of rotation D 2 along the direction indicated by the arrow 
B, which loosens the belt 17. 

[0078] The straight line S B2 indicates that the arm 50 
rotates in the direction indicated by the arrow B while 

2S producing the constant rotational resistance P B be- 
tween the sleeve 28 and the bolt engagement portion 
24 due to tightening of the sleeve 28 by the coil spring 
B0. The rotational resistance P B is the second damping 
force acting when the arm pivots in the direction indicat- 

30 ed by the arrow B from the minute angle of rotation D 2 . 
[0079] The straight line S B3 indicates that the arm 50, 
rotated up to the angle of rotation D n , returns to an angle . 
of rotation D 3 in the direction indicated by the arrow A 
by the reaction of the twisted coil spring 80. 

35 [0080] As understood from Fig, 7C, the arm 50 rotates 
by a twisting of the coil spring 80 in a region from the 
initial position to the minute angle of rotation D 2 and ro- 
tates in the direction indicated by the arrow B due to the 
constant second damping force P B in a region of the 

40 minute angle of rotation D 2 or more. Further, the abso- 
lute value of the second damping force P B is a larger 
value than the absolute value of the.first damping force 
P A . From Figs. 7B and 7C, it is shown that the arm 50 
easily rotates in the direction indicated by the arrow A 

45 and does not easily rotate in the direction indicated by 
the arrow B. 

[0081] Fig. 7D is a view of the output characteristics 
of the tensioner 10 provided with both the torsion coil 
spring 40 and the coil spring 80. The abscissa indicates 

50 the angle of rotation of the arm 50, and the ordinate in- 
dicates the output load of the tensioner 10. The one-dot 
chain lines C B and C A are identical to the straight lines 
C B and C A of Fig. 7A. Straight lines T B1 and T B2 indicate 
the output load of the tensioner 10 when the arm 50 ro- 

55 tates in the direction indicated by the arrow B, and 
straight lines T A1 and T A2 indicate the output load of the 
tensioner 10 when the arm 50 rotates in the direction 
indicated by the arrow A. 
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[0082] The output load indicated by the straight line 
T B1 substantially coincides with a value obtained by 
adding the output load of the torsion coil spring 40, in- 
dicated by the one dotted chain line C B , and the output 
load of the coil spring 80, indicated by the straight line 
S B1 . It is shown that the third damping force, increased 
by twisting the coil spring 80 to the minute angle of ro- 
tation D 2 , is imparted to the twisting force of the torsion 
coil spring 40. 

[0083] The output load indicated by the straight line 
T B2 substantially coincides with a value obtained by 
adding the output load of the torsion coil spring 40, in- 
dicated by the one dotted chain line C B , and the output 
load of the coil spring 80, indicated by the straight line 
S B2 . It is shown that the constant rotational resistance 
P B , produced when the coil spring B0 rotates from the 
minute angle of rotation D 2 to the angle of rotation D 1( 
is imparted as the second damping force to the twisting 
force of the torsion coil spring 40. 
[0084] Regarding the output load indicated by the 
straight line T A1 , it .is shown that a damping force, grad- 
ually increasing when the arm 50 returns from the angle 
of rotation D 1 to the angle of rotation D 3 , acts against 
the twisting force of the torsion coil spring 40 by the re- 
action of the twisted coil spring 80. 
[0085] The output load indicated by the straight line 
T A2 substantially coincides with a value obtained by sub- 
tracting the output load of the coil spring 80, indicated 
by the straight line S A , from the output load of the torsion 
coil spring 40, indicated by the one dotted chain line C A . 
It is shown that the constant rotational resistance P A , 
produced when the coil spring 80 rotates from the angle 
of rotation D 3 tothe initial position, acts as the first damp- 
ing force against the twisting force of the torsion coil 
spring 40. 

[0086] As shown in Fig. 7D, when the arm 50 is piv- 
oted from the initial position to the angle of rotation D-,, 
in the region from the minute angle of rotation D 2 to the 
angle of rotation D 3 , the second damping force P B acts 
(straight line T B2 ) when the arm 50 rotates in the direc- 
tion indicated by the arrow B, while only the first damping 
force P A having an absolute value smaller than that of 
the second damping force P B acts (straight line T) when 
the arm 50 rotates in the direction indicated by the arrow 
A. Accordingly, the pulley 60 of the tensioner 10 moves 
relatively slowly in the direction indicated by the arrow 
B and moves relatively quickly in the direction indicated 
by the arrow A. 

[0087] In this way, in the region from the minute angle 
of rotation D 2 to the angle of rotation D 3 , i.e. where the 
fluctuation of the arm 50 is large, the large second 
damping force P B acts. Contrary to this, in the region 
from the initial position to the minute angle of rotation 
D 2 , i.e. in the case where the fluctuation of the arm 50 
is small, the third damping force acts on the arm 50 due 
to the spring characteristic of the coil spring 80, and the 
vibration is damped. Further, when the arm 50 returns 
in the direction indicated by the arrow A, after being ro- 



tated in the direction indicated by the arrow B up to the 
constant angle, which is, for example, the angle of rota- 
tion D 1( the repulsion force of the coil spring 80 acts as 
indicated by the straight line T A1 . Therefore, the pulley 
5 60 can quickly return in the direction indicated by the 
arrow A. 

[0088] Usually, a tensioner is designed so that the 
size of the. minute angle of rotation D 2 , and the size of 
the angle between the angle of rotation D-, and the angle 
to of rotation D 3 become minute, but the design can be 
changed so as to obtain an adequate angle of rotation 
in accordance with necessity. 

[0089] Thus, the tensioner 1 0 of the first embodiment 
has a function equivalent to that of a tensioner provided 

f 5 with an oil pressure type damping mechanism of the pri- 
or art and can quickly tension the belt 17 by making the- 
rotational resistance of the arm small in the direction ten- 
sioning the belt 17. Further, the damping mechanism 
has a simple structure by incorporating the coil spring 

20 80 and the sleeve 28. The number of parts and the 
number of assembly steps are reduced in comparison 
with the oil pressure type damping mechanism of the 
prior art, so a reduction of costs and an improvement in 
durability become possible. Further, in contrast to the 

2S fact that the oil pressure'type damping mechanism de- 
pends upon the ambient temperature, in the first embod- 
iment, the frictiona! forces can be reliably maintained, 
. particularly under high environmental temperatures, i.e. 
the reliability of the system is not dependent on the am- 

30 bient temperature. 

[0090] Further, in the case of the tensioner provided 
with the friction type damping mechanism of the prior 
art, the rotational resistance to a load is the .same as 
that in the direction loosening the belt, i.e. the damping 

3S force acts also in the direction tensioning the belt. There- 
fore, there arises the problem that when the damping 
force is set high, the belt cannot be quickly tensioned. 
In order to solve this problem, it is necessary to set the 
twisting force of the torsion coil spring high, but if the 

40 twisting force is set high, the belt tensioainevitably also 
becomes higher, and there arises a problem of a reduc- 
tion in the durability of the belt. 

[0091] However, in the tensioner 10 of the first em- 
bodiment,. the first damping force P A acting in the direc- 
ts tion tensioning the belt is much smaller than the second 
damping force P B acting in the direction loosening the 
belt. Therefore, the problem inherent in the prior art, as 
discussed above, does not occur. 
[0092] Fig. B shows another embodiment of the 
so sleeve in a partial sectional side view of a tensioner of 
a second embodiment of the present invention. In the 
first embodiment, the sleeve 26 is provided around the 
bolt engagement portion 24, but in the second embodi- 
ment, a sleeve 102 is provided around a pivot extension 
ss portion 156. In the second embodiment, the same ref- 
erence numerals are given to the same structures as 
those of the first embodiment, and explanations thereof 
will be omitted. 
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[0093] A sleeve 102 provided with a flange on its up- 
per end is provided around the pivot extension portion 
156. One end of the coil spring BO is tightly fixed to an 
outer surface 102a of the sleeve 102 at the inner spring 
surface 80a, while the other end is tightly fixed to an 
outer surface 124b of a bolt engagement portion 124 at 
the inner spring surface 80b. The outer diameter of the 
bolt engagement portion 1 24 and the outer diameter of 
the sleeve 1 02 are substantially equal to the inner diam- 
eter of the coil spring 80. 

[0094] When the arm 50 is rotated in the direction in- 
dicated by the arrow A, the coil spring 80 deforms in the 
direction in which the diameter thereof is enlarged, and 
an inner surface 102c of the sleeve 102 slides with re- 
~spect to an outer surface 156c of the pivot extension 
portion 156. Thus, the arm 50 rotates in the direction 
indicated by the arrow A relative to the cup 21, while 
producing a relatively small rotational resistance, i.e. 
damping force. 

[0095] Conversely, in a similar manner to the first em- 
bodiment, when the arm 50 is rotated in the direction 
indicated by the arrow B, the coil spring BO deforms in 
the direction in which the diameter thereof is reduced, 
and the inner surface 80a of the coil spring 80 slides , 
with respect to the outer surface 1 02a of the sleeve 1 02 
or the inner surface 1.02c of the sleeve 102 slides with 
respect to the outer surface 156c of the pivot bearing 
156. Thus, the arm 50 rotates in the direction indicated 
by the arrow B relative to the cup 21 , while producing a 
relatively large damping force. 

[0096] With the second embodiment, in the same way 
as the first embodiment, by provision of the damping 
mechanism provided with the coil spring and sleeve, the 
damping force produced in the direction in which the ten- 
sioner tensions the belt becomes small, and the tension- 
er can quickly tension the belt. 

[0097] Fig. 9 is a partial sectional view of a third em- 
bodiment of a tensioner of the present invention. In the 
first embodiment, the sleeve 28 is provided around the 
bolt engagement portion 24, but. in the third embodi- 
ment, two sleeves 202 and 28 are provided around a 
pivot extension portion 256 and the bolt engagement 
.portion 24, respectively. In the third embodiment, the 
same reference numerals are given to the same struc- 
tures as those of the first embodiment, and explanations 
thereof will be omitted. 

[0098] In the third embodiment, the first sleeve 28 pro- 
vided with a flange on its lower end is provided around 
the bolt engagement portion 24, and a second sleeve 
202 provided with a flange on its upper end is provided 
around the pivot extension portion 256. One end of the 
coil spring 80 is tightly fixed to an outer surface 202a of 
the second sleeve 202 at the inner spring surface BOa, 
while the other end is tightly fixed to the outer surface 
28b of the first sleeve 28 at the inner spring surface 80b. 
The outer diameter of the first sleeve 2B and the outer „ 
diameter of the second sleeve 202 are substantially 
equal to the inner diameter of the coil spring 80. 



[0099] The third embodiment comprises the same 
structure as the first embodiment apart from the newly 
provided structure consisting of the second sleeve 202. 
Due to the construction of the third embodiment, various 

s requirements, which cannot be fulfilled by the first em- 
bodiment, for example, a requirement that the attach- 
ment force between the pivot bearing 56 and the coil 
spring 80 be strengthened, eased, or the like, can be 
taken into consideration. Further, by changing the ma- 

to terial, the f actional coefficient and strength, a greater va- 
riety of design requests can be covered. 
[01 00] With the third embodiment, in the same way as 
the first and second embodiments, due to provision of 
the damping mechanism provided with the coil spring 

*5 and sleeve, the damping force produced in the direction 
in which the tensioner tensions the belt becomes small 
and the tensioner can quickly tension the belt. 
[0101] Figs. 10 and 11 show a tensioner of a fourth 
embodiment of the present invention. The same refer- 

20 ence numerals are given to the same structures as 
those of the first embodiment, and explanations thereof 
will be omitted. 

[0102] Fig. 10 is a view of a belt system of an auto- 
motive engine utilizing a tensioner 410 of the fourth em- 

2S bodiment. The difference from the tensioner 10 of the 
first embodiment shown in Fig. 1 resides in an attach- 
ment position and a biassing direction. The tensioner 
410 urges the belt 17 in the direction indicated by the 
arrow B. At the attachment of .the belt 17, the arm 50 

30 and the pulley 60 are biassed in the direction indicated 
by the arrow A and retracted to the position indicated by 
the broken line. 

[01 03] Fig. 11 is vertical sectional view of the tension- 
er 410. In the first embodiment, the torsion coil spring 

35 40 and the coil spring 80 were right hand coils, but a 
torsion coil spring 440 and a coil spring 480 of the fourth 
embodiment are left hand coils. Accordingly, the bias- 
sing direction of the belt 17 becomes the direction indi- 
cated by the arrow B, which is- the opposite direction4o 

40 the direction indicted by the arrow A of the first embod- 
iment. 

[0104] The difference in structure from the first em- 
bodiment lies in. the shapes of a pivot shaft 430, a pivot 
bearing 456, and a sleeve 428 in addition to a torsion. 

45 coil spring 440 and a coil spring 4B0. The pivot shaft 430 
is threadingly engaged with the bolt engagement portion 
24 via a washer 438. The washer 438 has a short axial 
length in comparison with the hexagonal portion 38 of 
the first embodiment (see Fig. 2), therefore, the distanc 

so the axial direction from the bolt-engagement portion 24 
to the pivot bearing 456 can be set shorter in comparison 
with the first embodiment. 

[0105] Further, in the first embodiment, the female 
screw member 36 is disposed beyond the external sur- 
55 face of the lid portion 53, but resides within an area de- 
fined by the formation of the pulley 60 so that the female 
screw member 36 of the pulley shaft 30 does not inter- 
fere with the pulley 60. In the fourth embodiment, the 
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head of the pivot shaft 430 is formed flat, therefore, the 
amount of projection from the lid portion 53 becomes 
small and does not interfere with an inner surface 460a 
of a pulley 460. Accordingly, the distance between the 
axes of the bolt 62 and the pivot shaft 430 can be de- s 
creased. Due to the above structure, a tensioner having 
a reduced size in comparison with the first embodiment 
is obtained. 

[01 OS] A spring receiving seat 45B of the pivot bearing 
456 is formed on a curved surface having substantially to 
the same curvature as the curvature of the coil spring 
4B0. Similarly, a shoulder portion 429 of the flange of 
the sleeve 428 is formed with a curved surface having 
substantially the same curvature as the curvature of the 
coil spring 480. Due to these constructions, the coil *s 
spring 480 is reliably engaged with the pivot bearing 456 
and the sleeve 42B without having to grind the two spring 
end surfaces. 

[0107] In the fourth embodiment, the arm 50 rotates 
relatively quickly while producing a relatively small rota- 20 
tional resistance, i.e. damping force, in the direction in- 
dicated by the arrow B for tensioning the belt, but rotates 
relatively slowly in the direction indicated by the arrow 
A for loosening the belt due to the relatively large damp- 
ing force. 25 
[0108] With the fourth embodiment, in the same way 
as the first to third embodiments, by the provision of the 
damping mechanism provided with the coil spring and 
sleeve, the damping force produced in the direction in 
which the tensioner tensions the belt becomes small, 30 
and the belt can be quickly tensioned. 
[01 09] Fig. 1 2 shows a tensioner of a fifth embodiment 
of the present invention. The same reference numerals 
are given to the same structures as those of the first 
embodiment, and explanations thereof will be omitted. 35 
[0110] In a tensioner 510 of the fifth embodiment, a 
coil spring 580 is provided outside of a torsion coil spring 
40. The torsion coil spring 40 is right hand coiled, but 
the coil spring 580 is left hand coiled. An arm 550 is pro- 
vided with an outer. circumferential wall 554 extending 40 
from the outer edge of a lid portion 553 to the cup 21 . A 
sleeve 528 is provided between the outer circumferen- 
tial wall 554 and the cup opening 21 b. The sleeve 528 
is provided with a cylindrical member 530, a first flange 
532 extending from one end of the cylindrical member 45 
530 in a direction away from the axial center, and a sec- 
ond flange 534 extending from the other end of the cy- 
lindrical member toward the axial center. The sleeve 528 
has dual functions, being damping and, at the same 
time, preventing entry of dust into the cup 21 . so 
[0111] Both of the inner diameter of the outer circum- 
ferential wall 554 of the arm 550 and the inner diameter 
of the cylindrical member 530 of the sleeve 528 are sub- 
stantially the same as the outer diameter of the coil 
spring 580. Further, the distance from a lower surface 55 
553a of the arm 550 to the second flange 534 is sub- 
stantially the same as the axial length of the coil spring 
580. The coil spring 580 is provided between the lower 



surface 553a of the lid portion and the second flange 
534, and the outer surface thereof is tightly fixed to the 
inner surface of the outer circumferential wall 554 and 
the inner surface of the cylindrical member 530. 
[0112] When the arm 50 rotates in the direction in 
which the torsion coil spring 40 is twisted, the coil spring 
580 deforms in the direction in which the diameter there- 
of is enlarged, the cylindrical member 530 and the cup 
opening 21 b are tightly fixed, and the coil spring 580 and 
the sleeve 528 slide. Namely, only the arm 550 and the 
coil spring 580 integrally rotate. Conversely, when the 
arm 550 rotates in the direction in which the torsion coil 
spring 40 returns from the twisted state, the coil spring 
580 is compressed, and the cylindrical member 530 and 
the cup opening 21b slide. Namely, the arm 550, the coil 
spring 580 and the sleeve- 528 integrally rotate. 
[0113] Thus, if the sliding surface of the coil spring 580 
with respect to the arm 550 and the cup 21 is provided 
at the outside, a relatively large rotational resistance, is 
generated when the coil spring 580 expands, and the 
action becomes opposite to the action of the coil spring 
80 of the first embodiment. Accordingly, by using the coil 
spring 580 wound in the opposite direction to the wind- 
ing direction of the right hand torsion coil spring 40, i.e. 
left hand coiled, a similar effect to that of the first em- 
bodiment is obtained. 

[0114] When the rotational resistance is generated at 
the inner circumferential surface of the coil spring, as in 
the first to fourth embodiments, the twisting directions 
of the torsion coil spring and the coil spring are the same. 
Conversely, when the rotational resistence is generated 
at the outer circumferential surface of the coil spring as 
in the fifth embodiment, the twisting directions of the tor- 
sion coil spring and the coil spring become opposite to 
each other. 

[0115] Also, in the fifth embodiment, in the same way 
as the first to fourth embodiments, by the provision of 
the damping mechanism provided with the coil spring 
and sleeve, the damping force produced in the direction 
in which the tensioner tensions the belt becomes small, 
and the belt can be quickly tensioned. 
[011 6] Fig. 1 3 is a partially sectional view of the coil 
spring housed, in a tensioner of a sixth embodiment of 
the present invention. In the first embodiment, the sec- 
tional shape olthe coil spring 80 was circular, but in the 
sixth embodiment, the sectional shape of the coil spring 
6B0 is rectangular. In the sixth embodiment, the same 
reference numerals are given to the same structures as 
those of the first embodiment, and explanations thereof 
will be omitted. 

[0117] In the sixth embodiment, an innersurface6B0a 
of the coil spring 680 is tightly fixed to the outer surface 
56a of the pivot extension portion 56', and an inner sur- 
face 6B0b is tightly fixed to the outer surface 28b of the 
sleeve 28. 

[011 8] The mode of operation of the coil spring 680 is 
the same as that of the coil spring 80 indicated in the 
first embodiment, so the explanation thereof will be omit- 
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ted. Namely, in the sixth embodiment, in the same way 
as the first to fifth embodiments, the damping force pro- 
duced in the direction tensioning the belt by the tension- 
er becomes small, whereby the belt can be quickly ten- 
sioned. 

[01 1 9] Further, the surface area of the coil spring 680 
tightly fixed to the pivot extension portion 56' and the 
sleeve 26 is large in comparison with that of the coil 
spring BO of the first embodiment, so a larger rotational 
resistance can be generated by the same number of 
turns as that of the coil spring BO. 
[0120] As described above, the automatic tensioner 
of the first to sixth embodiments is provided with a damp- 
ing mechanism which freely displaces the arm in only 
one direction. Due to this-damping mechanism, when 
the displacement of the arm is very small, a flexible 
spring characteristic of the coil spring acts. However, 
when the displacement of the arm is large and of an im- 
pact nature, a large damping force acts such that the 
vibration of the belt is effectively suppressed.. Further, 
this damping mechanism does, not depend upon the en- 
vironmental temperature and can reliably induce a 
damping force, even at particularly high ambient tem- 
peratures. 

[0121] Although the embodiments of the present in- 
vention have been described herein with reference to 
the accompanying drawings, obviously many modifica- 
tions and changes may be made by those skilled in this 
art without departing from the scope of the invention. 

Claims 

1. A tensioner comprising: 

a fixing member that includes a first boss; 
an arm that includes a second boss, coaxially 
arranged with respect to said first boss, said 
arm being rotatable between a first rotation po- 
sition and a second rotation position around 
said second boss; 

a pulley attached to an end portion of said arm 
for engaging an endless belt; 
a biassing member that urges said arm in a first 
direction from said second rotation position to- 
ward said first rotation position so as to tension 
the belt; and 

a damping member that includes a first coil 
spring having two end portions engaged with 
said first and second bosses, said damping 
member generating a first damping force, 
which is a resistance against the rotation of said 
* arm, and a second damping force larger than 
said first damping force so as to damp vibration 
of said belt; wherein 

said first damping force acts upon said arm 
when said arm rotates in said first direction, and 
said second damping force acts upon said arm 



when said arm rotates in a second direction, 
which is the reverse direction to said first direc- 
tion. 

5 2. A tensioner according to claim 1 wherein when "said - 
arm rotates from said second rotation position in 
said first direction, in a predetermined range of ro- 
tation between said first rotation position and said 
second rotation position, a first frictional force pro- 

10 duced by the rotation of said arm acts as said first 
damping force, and when said arm rotates from said 
first rotation position in said second rotation direc- 
tion, a second frictional force larger than said first 
frictional force in the range of rotation and which is 

is produced by the rotation of said arm acts as said 
second damping force. 

3. A tensioner according to claim 2 wherein in the pre- 
determined range of rotation, the magnitudes of ab- 

20 solute values of said first frictional force and said 
second frictional force are constant, and the mag- 
nitude of the absolute value of said first frictional 
force and the magnitude of the absolute value of 
said second frictional force are asymmetrical at 

25 each angular position within the range of angles of 
rotation. 

4. A tensioner according to claim 3 wherein the pre- 
determined range of rotation is the range between 

30 a third rotation position located between said first 
rotation position and said second rotation position 
and a fourth rotation position located between said 
third rotation position and said second rotation po- 
sition. 

35 

- 5. A tensioner according to claim 4 wherein when said 
arm rotates from said first rotation position to said 
third rotation position in said second direction, a 
third damping force increased in proportion to the 
40 angle of rotation of said arm acts upon said arm. 

6. A tensioner according to any preceding claim 
wherein said damping member further comprises a 
sleeve provided between one or both of an external 

45 surface of said first and second bosses and said first 
coil spring to act as a coil spring clutch that brakes 
the rotation of said arm due to a frictional sliding 
movement between at least one of said first coil 
spring and a said sleeve and between a said sleeve 

so and one of said first and second bosses. 

7. A tensioner according to claim 6 wherein said first 
coil spring is tightly fixed to one of said first boss 
surface and an outer circumferential surface of said 

55 first sleeve and one of said second boss surface 
and an outer circumferential surface of said second 
sleeve whereby one of said first boss and said first 
sleeve and one of said second boss and said sec- 
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ond sleeve are connected. 



8. A tensioner according to claim 6 or 7 wherein said 
biassing member is a second coil spring wound 
around said shaft of said arm and the winding direc- 5 
tions of said first coil spring and said second coil 
spring are the same winding direction. 

9. A tensioner according to any one of claims 1 to 5 
wherein said damping member lurther comprises a 10 
sleeve provided between an internal surface of one 

of said first and second bosses and said first coil 
spring to act as a coil spring clutch that brakes the 
rotation of said arm due to a f rictional sliding move- 
ment between at least one of said first coil spring is 
and a said sleeve and between a said sleeve and 
one of said first and second bosses. 

10. A tensioner according to claim 9 wherein said bias- 
sing member is a second coil spring wound around 20 
said shaft of said arm, and the winding directions of 
said first coil spring and said second coil spring are 
opposite each other. 

11. A tensioner according to any one of claims 6 to 10 2s 
wherein the or each said sleeve is provided with 
openings parallel to said shaft of said arm. 
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(54) Tensioner 

(57) A tensioner (10) comprises a cup (21), fixed to 
an engine block, which has a bolt engagement portion 
(24) to which a pivot shaft (30) is fixed to mount an arm 
(50) mounting a pulley (60). The arm is biassed by a 
torsion coil spring (40) to rotate in a direction tensioning 
the belt. A sleeve is attached to the exterior of the bolt 
engagement portion to receive one end of a coil spring 



(80), the other end of which is attached to a pivot exten- 
sion portion (56') of the lid. Rotation of the arm in one 
direction reduces the pressing force of the coil spring on 
the bolt engagement portion providing small rotational 
resistance and damping whereas rotation of the arm in 
the opposite direction increases that pressing force to 
provide increase rotational resistance and damping. 
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